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Effects  of  various  physical,  chemical  and  biological  agents  on  arthrospores 
of  Trichophyton  mentagrophytes  and  conditions  affecting  germination  of 
dermatophytic  arthrospores  were  investigated.  The  efficacy  of  glutaralde- 
hyde  as  a practically  useful  antldermatophytic  agent  was  tested  in  a simu- 
lated laundry  condition  and  its  usefulness  for  disinfecting  clothes  con- 
taminated with  arthrospores  and  infective  hyphae  of  mentagrophytes  was 
confirmed  In  simulated  laundry  tests.  Although  arthrospores  of  this  
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dernatophyte  were  highly  resistiinc  to  chilling  ard  freezing,  they  were  ex- 
tremely susceptible  to  moderate  heat  (above  5<S^)  and  desiccation»^^0>e'^llgh 
susceptibility  of  arthrospores  to  desiccation  could  be  significant^  reduced 
when  they  were  dried  in  the  presence  of  exogenous  proteins.  Arthrfspdires  of 
this  fungus  were  markedly  susceptible  to  giutaraldehyde.  Arthrospores  tjf 
T.  aentagrophytes  appeared  to  be  significantly  more  resistant  to  comnon  antl- 
mycocics  such  as  clotrimazole,  griseofulvln,  miconazole  nitrate  and  nystatlo 
than  its  hyphal  counterpart-  Clinical  and  epidemiological  Implications  of 
these  observations  were  discussed.  Keraination  cf  dormant  arthrospores 
occurred  only  in  rich  complex  media  such  as  Saboaraud  dextrose  broth  or 
vitamin-free  Casamlno  Acids.  However,  once  activated,  arthrospores  were 
able  to  germinate  under  wide  ranges  of  pH  (5,5  to  8.0,  optimal  6.5)  and 
temperature  (20  to  39*C,  optimal  37*C)  in  the  presence  of  certain  single 
amino  acids  or  oligopeptides  known  to  be  present  in  the  human  cutaneous 
tissues.  Dormant  arthrospores  could  be  activated  by  incubation  in  distilled 
water  at  25® C for  h or  by  brief  exposure  to  sublethal  doses  of  heat  (A5*C 
for  10  to  20  min) . Approximately  20%  of  activated  arthrospores  underwent 
spontaneoiis  germination  at  37*C  during  an  additional  18  h of  Incubation  In 
distilled  water.  All  monosaccharides,  purines,  pyrimidines,  and  nucleosides 
tested  failed  to  induce  germination  of  T.  aentagrophytes  arthrospores.  Germi- 
nation rate  was  affected  by  the  concentration  of  germination  Inducers  as  well 
as  that  of  arthrospores.  The  gericlnation  process  of  T^.  mentagrophytes 
arthrospores  was  found  to  be  oxygen  dependent  and  was  relatively  tolerant  to 
NaCl,  clotrimazole,  cyclohexinide,  griseofulvln,  and  tolnaftate. 
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Dermatophytes  produce  two  types  of  spores  depending  on  the  environments  in 
which  they  grow.  Conidia  (micro-  and  macroconidia)  are  produced  when  they  are 
grown  In  vitro  (soil,  artificial  laboratory  media,  etc.).  When  growing  in  para- 
sitized tissues  such  as  skin,  hair  and  nail,  many  dermatophytes  produce  arthro- 
spores  by  segmentation  of  hyphae.  It  has  been  suspected  that  arthrospores  shed 
with  skin  and  hair  of  Infected  patients  are  the  potential  sources  of  infection  for 
susceptible  hosts  especially  in  coomunal  life.  There  are  also  growing  evidence  that 
arthrospores  play  vital  roles  in  the  recurrence  of  chronic  mycoses. 

In  view  of  the  importance  of  arthrospores  in  the  epidemiology  of  dermatomycoses, 
our  primary  effort  during  the  past  year  was  concentrated  on  the  development  of 
physical  and  chemical  means  that  effectively  kills  these  fungal  elements.  Prior 
to  this  work,  there  was  no  published  data  dealing  with  the  resistance  or  sus- 
ceptibility of  dermatophytlc  arthrospores  to  physical,  chemical  and  biological 
agents. 

We  approached  this  problem  systematically  and  have  accumulated  sufficient  data 
which,  we  believe,  are  useful  for  developing  effective  control  measures  against 
dermatomycoses  both  in  military  and  civilian  communal  life. 

The  following  are  the  summary  of  our  achievements: 

I.  Preparation  of  "pure"  arthrospores  of  dermatophytes. 

Arthrospores  are,  in  general,  formed  within  infected  tissues  by  many  pathogen^  c 
strains  of  dermatophytes.  In  many  cases,  the  demonstration  of  arthrospores  within 
clinical  samples  is  considered  to  be  of  diagnostic  value.  Although  the  Importance 
of  dermatophytlc  arthrospores  in  the  etiology  and  pathogenesis  of  dermatomycoes 
were  recognized  by  some,  it  was  not  possible  to  test  their  properties  or  the  sus- 
ceptibility to  various  agents  because  arthrospores  were  difficult  to  Isolate  in 
pure  form  and  in  a large  quantity  from  infected  tissues.  In  an  attempt  to  produce 
a large  quantity  of  pure  arthrospores,  we  initially  tested  various  physiological 
and  environmental  factors  to  create  an  in  vitro  condition  similar  to  the  in  vivo 
circumstance  under  which  abundant  arthrospores  are  formed  by  pathogenic  strains 
of  dermatophytes.  The  oxygen  tension,  temperature  and  certain  nutritional  con- 
ditions were  found  to  be  most  important  factors  for  arthrosporulation  in 
Trichophyton  mentagrophytes  ATCC  26323,  a highly  pathogenic  strain  Isolated  from  a 
military  personnel  returning  from  Vietnam.  The  results  of  this  preliminary 
aspect  of  our  project  were  reported  earlier  (Emyanltoff,  Blumenthal  and  Hashimoto, 
Abstract  of  Annual  Meeting  of  American  Society  for  Microbiology,  p.  168,  1977). 

Based  on  the  results  of  this  study,  we  subsequently  developed  a method  which  can 
yield  a large  quantity  of  pure  arthrospores  of  Trichophyton  mentagrophytes  in  vitro. 
The  outline  of  the  procedure  is  as  follows: 

Preparation  of  arthrospores.  Microconidia  were  produced  and  purified  according  to 
the  method  described  earlier.  Approximately  0.15  to  0.2  ml  of  microconidlal  sus- 
pension (2  X lO”  spores/ffll  distilled  water)  was  inoculated  over  squares  (7x7  cm) 
of  sterile  cellulose  dialysis  membrane,  which  had  been  placed  on  Sabouraud  dex- 
trose agar  (Difco)  containing  0.1%  sodium  acetate.  The  dialysis  membrane  was 
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previously  boiled  In  1%  sodium  bicarbonate  solution  for  10  min,  rinsed  with 
distilled  water  and  subsequently  sterilized  by  autoclaving.  After  incubating  the 
Inoculated  petrl  plates  at  for  36  h,  4 ml  of  Sabouraud  dextrose  broth  (Dlfco) 

were  added  aseptlcally  over  the  dialysis  membrane.  By  this  time,  hyphae  emerging 
from  mlcroconldia  adhered  to  the  membrane  and  the  addition  of  the  broth  caused  no 
separation  of  hyphae  from  the  membrane.  The  plates  were  placed  In  a large  glass 
jar  (21  cm  dia.  x 25  cm  high)  and  further  Incubated  under  saturated  humidity  at 
37*C  for  an  additional  week.  By  the  end  of  the  incubation  period,  essentially  all 
hyphae  were  transformed  Into  arthrospores. 

The  arthrospores  were  readily  removed  from  the  cellulose  membrane  by  gently 
scraping  with  a spatula.  The  harvested  arthrospores  were  routinely  filtered 
through  10  layers  of  cheesecloth  to  remove  residual  hjrphae  or  long  chains  of 
arthrospores  and  subsequently  washed  In  Ice-cold  distilled  water  at  least  5 times 
by  means  of  centrifugation  (1500  x g,  15  min).  After  confirming  microscopically 
the  absence  of  hyphal  contamination,  the  arthrospores  were  dispensed  in  small 
vials,  tightly  sealed  and  stored  at  -ZO^C  until  use.  Under  this  condition, 
arthrospores  remained  fully  viable  for  as  long  as  one  year.  In  most  experiments, 
however,  arthropsores  were  used  within  1 to  2 weeks  after  harvesting. 

The  availability  of  a large  quantity  of  pure  arthrospores  of  mentagrophytes 
greatly  facilitated  the  accurate  assessment  of  prospective  antldermatomycotlc 
agents  on  arthrospores  (see  below).  We  sent  this  Information  to  Or.  Michael 
Lancaster  of  Letterman  Army  Institute  of  Research,  Department  of  Army,  where  the 
usefulness  of  our  technique  has  been  confirmed. 

II.  Effects  of  physical,  chemical  and  biological  agents  on  T^.  mentagrophytes 

arthrospores. 

In  view  of  the  total  lack  of  Information  as  to  the  resistance  of  dcrmato- 
phytlc  arthrospores  to  various  physical,  chemical  and  biological  agents,  we  In- 
vestigated the  arthrosporocldal  effects  of  heat,  desiccation,  ultraviolet  light 
Irradiation  and  various  chemicals  Including  glutaraldehyde  on  T^.  mentagrophytes 
arthrospores. 

Technical  aspects. 

Effect  of  temperature.  Arthrospore  suspensions  (1.5  x 10^  cells/ml  distilled 
water)  contained  in  a test  tube  were  heated  at  48*,  50®,  55"  and  60*C  or  stored  at 
-20®,  4®  and  10®C  for  various  periods  of  time;  then  0.1  ml  of  heat-treated  or 
chilled  spore  suspensions  were  Inoculated  Into  1 ml  of  Sabouraud  dextrose  broth 
and  Incubated  for  15  h at  37®C  on  a rotary  shaker  at  300  rev /min.  The  viability 
of  treated  and  untreated  arthrospores  was  determined  microscopically  by  counting 
200  cells  randomly.  At  the  concentration  of  arthrospores  used  In  the  germination 
system  (1.5  x 10^  cells/ml).  It  was  usually  necessary  to  examine  more  than  50 
randomly  selected  fields  to  count  200  arthrospores.  Those  arthrospores  developing 
distinctive  germ  tubes  (longer  than  the  spore  diameter)  were  considered  viable. 

By  the  end  of  15  h Incubation  at  37®C,  most  germinated  arthrospores  developed  germ 
tubes  as  long  as  30  to  50  pm. 
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Effect  of  ultraviolet  light.  A 2 ml  sample  of  arthrospore  suspension  (1.5  x 10® 
spores /ml  distilled  water)  was  placed  In  a small  petrl  dish  (40  x 10  mm)  and 
Irradiated,  with  the  cover  removed,  at  room  temperature  for  specified  time  at  a 
distance  of  45  cm  from  the  center  of  a germicidal  lamp  (Westlnghouse  Sterll  lamp 
782L-20).  Irradiated  arthrospores  were  Inoculated  Into  Sabouraud  dextrose  broth 
and  their  viability  was  determined  as  described  above. 

Effect  of  protein  on  the  survival  of  desiccated  arthrospores.  Since  our  pre- 
liminary experiments  revealed  that  T.  mentagrophytes  arthrospores  were  highly 
> susceptible  to  desiccation,  the  protective  effect  of  selected  proteins  on  the 

\ survival  of  lyophlllzed  arthrospores  was  Investigated.  Arthrospores  were  Initially 

i suspended  In  5%  (v/v)  aqueous  solutions  of  powdered  skim  milk,  bovine  albumin 

(crystalline.  Sigma  Chemical  Co.),  and  gelatin  (Difco),  and  immediately  lyophlllzed. 
The  lyophlllzed  arthrospores  were  stored  at  25®C  for  specified  periods  and  their 
I viability  was  determined  by  the  method  described  above. 

Effect  of  antifungal  chemicals.  Arthrospores  suspended  in  sterile  distilled  water 
were  exposed  to  various  concentrations  of  selected  antifungal  drugs  at  25”C. 

Nystatin  (E.  R.  Squibb  and  Sons,  Inc.),  clotrimazole  (Delbay  Pharmaceuticals,  Inc.), 
^ miconazole  nitrate  (Johnson  and  Johnson  Co.),  and  grlseofulvln  (Sigma  Chemical  Co.) 

were  Initially  dissolved  In  dimethyl  formamlde,  appropriately  diluted  with  the 
solvent  and  added  to  spore  suspensions  so  that  the  final  concentration  of  the 
solvent  would  remain  1%.  Glutaraldehyde  and  phenol  were  obtained  from  MCB 
Manufacturing  Chemists,  and  used  after  appropriate  dilution  In  sterile  distilled 
. , water.  Arthrospores  exposed  to  those  chemicals  under  specified  conditions  were 

washed  in  distilled  water  3 times  by  means  of  centrifugation  (1500  x g,  15  min) 
and  Inoculated  into  Sabouraud  dextrose  broth  for  determination  of  the  viability. 

RESULTS 

Effect  of  temperature.  As  shown  In  Fig.  1,  essentially  all  arthrospores 
j were  Inactivated  within  2 min  at  bO'C  and  almost  90%  of  spores  beceune  non  viable 

I within  5 min  at  50®C.  Even  at  48*C,  approximately  50%  of  the  arthrospore  popu- 

I latlon  were  killed  within  10  min.  In  contrast  to  this,  arthrospores  of  T.  menta- 

f grophytea  were  remarkably  resistant  to  chilling  and  freezing.  Arthrospores  stored 

In  distilled  water  at  4*‘C  and  lO^C  remained  viable  (90%)  for  as  long  as  2 months. 
More  than  95%  of  the  arthrospores  could  survive  for  more  than  1 year  and  approxi- 
mately 65%  of  the  spores  remained  viable  for  2 years  when  stored  In  distilled 
water  at  -20*C. 

Effect  of  desiccation.  mentagrophytes  arthrospores  were  exceptionally 
susceptible  to  desiccation.  Both  air  dried  (25'’C)  and  lyophlllzed  arthrospores 
lost  their  viability  rapidly  during  storage,  regardless  of  the  storage  temperature 
(Table  1).  The  extremely  high  susceptibility  of  mentagrophytes  arthrospores 
to  desiccation  was  reduced  significantly  when  they  were  dried  in  the  presence 
of  exogenous  proteins  (Fig.  2). 
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[Effect  of  ultraviolet  light.  The  kinetics  of  killing  of  nentagrophytes 
arthrospores  exposed  to  ultraviolet  light  from  a coemon  laboratory  germicidal 
lamp  is  Illustrated  in  Fig.  3.  Essentially  all  arthrospores  were  killed  within 
10  min  under  our  experimental  conditions. 

I Effect  of  selected  disinfectants  and  chemotherapeutic  agents.  Resistance  of 

I T.  mentagrophytes  arthrospores  to  ethanol,  phenol  and  glutaraldehyde  is  summarized 

■j  in  Table  2.  A remarkably  high  susceptibility  of  arthrospores  to  low  concentrations 

I of  glutaraldehyde  may  be  worth  noting  and  will  be  further  discussed  later.  Fig.  4 

i|  Illustrates  the  survival  of  T.  mentagrophytes  arthrospores  exposed  to  various 

■I  concentrations  of  antifungal  chemotherapeutic  agents.  It  is  evident  that  arthro- 

t|  spores  exposed  for  24  h to  the  drugs  at  concentrations  usually  lethal  to  the 

{I  hyphal  growth  could  remain  viable  and  were  able  to  germinate  once  the  drugs  were 

‘!  removed.  Under  our  experimental  conditions,  it  is  not  certain  whether  the  drugs 

adsorbed  to  arthrospores  were  completely  removed  during  the  washing  process.  In 
, any  event,  the  high  degree  of  resistance  of  mentagrophytes  arthrospores  to 

these  chemotherapeutic  agents  has  not  been  observed  previously. 

n 

'i 

A more  detailed  account  of  this  aspect  of  the  project  will  appear  in  a 
forthcoming  issue  of  J,  Applied  and  Environmental  Microbiology  (February,  1978). 

I The  manuscript  has  been  accepted  for  publication. 

The  observation  that  T,  mentagrophytes  arthrospores  exposed  to  several  antl- 
mycotics  at  concentrations  exceeding  the  minimal  mycelial  growth  Inhibitory  level 
could  remain  viable  (Fig.  4)  is  believed  to  have  some  Important  clinical  and 
microbiological  Implications.  First,  it  implies  that  the  administration  of  these 
chemotherapeutic  agents  to  dermatomycotlc  patients  whose  lesions  contain  abundant 
arthrospores  may  not  at  all  produce  anticipated  therapeutic  effects.  This  could 
account  for  the  common  experience  that  excerbation  or  intermittant  recrudescence 
of  infections  often  takes  place  in  such  patients  when  the  administration  of  the 
drugs  is  discontinued.  Second,  our  data  suggest  that  assessment  of  antlderma- 
tophytlc  activities  of  prospective  drugs  to  be  used  in  the  treatment  of  ringworm 
Infections  should  Include  their  effect  on  arthrospores  in  addition  to  vegetative 
hyphae . 

Glutaraldehyde  may  be  an  effective  antidermatophytlc  agent  since  it  destroys 
all  known  forms  of  the  dermatophyte,  mlcroconldia,  arthrospores,  and  vegetative 
hyphae,  at  concentrations  as  low  as  0.01%.  Further  evaluation  of  glutaraldehyde 
as  an  antimycotic  and  factors  affecting  its  efficacy  are  now  under  Investigation 
in  our  laboratory.  (See  below). 
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Table  1.  Effect  of  desiccation  on  the  viability 
of  T.  mentagrophytes  arthrosporcs 


Desiccation 

conditions 

Storage 

temperature 

(C) 

% 

24  h 

survival 

48  h 

after 

148  h 

Air  dried  on 

cheescloth. 

4* 

52 

39 

0 

25*C 

25" 

34 

18 

0 

37" 

29 

11 

0 

Lyophlllzed^ 

4* 

21 

0 

0 

25" 

11 

3 

0 

^ Arthrospores  suspended  in  sterile  distilled  water 
were  lyophlllzed  as  described  in  the  Materials 
and  Methods. 


Table  2.  Arthrosporocidal  activities  of  aqueous 

ethanol,  phenol  and  glutaraldehyde  at  25®C. 


% Survival  after  exposure  to 


Exposure  time 
(h) 

Ethanol 

(70%) 

Phenol 

(0.1%)  (1.0%) 

Glutaraldehyde 
(0.001%)  (0.01%)  (0.1%) 

0.5 

0 

93 

0 

97 

7 0 

1 

0 

88 

0 

90 

0 0 

3 

0 

85 

0 

90 

0 0 
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LEGEND  OF  FIGURES 

Fig.  1.  Effect  of  heat  on  the  viability  of  T.  mentagrophytes  arthrospores. 

Arthrospores  were  suspended  in  distilled  water  and  heated  for  various 
periods  at  60*C  (»),  55*C  (o),  50*C  (‘'J  and  48‘’C  (^)  after  which  the 
viability  was  determined  as  described  In  Materials  and  Methods. 

Fig,  2:  Protective  effect  of  proteins  on  the  survival  of  lyophlllzed  T.  menta- 
grophytes  arthrospores.  Arthrospores  were  lyophlllzed  in  the  presence 
of  specified  proteins  as  described  in  Materials,  and  stored  at  25"C. 
Powdered  skim  milk  (dk) , albumin  (x),  gelatin  (c  ),  and  control  (no 
proteins,  lb  ).  All  points  except  for  the  day  1 data  for  gelatin  are 
significantly  different  (p  < 0.01)  from  those  controls. 

i Fig.  3:  Effect  of  ultraviolet  light  irradiation  on  the  viability  of  T.  menta- 

I grophytes  arthrospores. 

Fig.  4:  Effect  of  24  h exposure  (25®C)  to  various  concentrations  of  anti- 
! dermatomycotic  drugs  on  the  survival  of  T.  mentagrophytes  arthrospores. 

I Clotrimazole  (o ) » nystatin  (><),  griseofulvin  (a)  and  miconazole 

I nitrate  (c») . Arrows  in  the  figure  indicate  the  minimal  inhibitory 

i concentration  of  each  drug' for  hyphal  growth, 

I 


1 


' 

i I 
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III.  Practical  application  of  glutaraldehyda  to  disinfection  of  fabrics  con- 
taminated with  spores  and  hyphae  of  dematophytes. 

The  effectiveness  of  glutaraldehyde  as  an  antidermatophytlc  agent  was 
tested  under  sinulated  laundry  conditions.  Fabrics  contaninated  with  a pre- 
determined number  of  T.  mentagrophytes  spores  and  hyphae  (geminated  mlcro- 
conldla)  were  exposed  to  detergents  or  soaps  with  or  without  added  glutaraldehyde. 

Procedure . 

A piece  of  cheese  cloth  (10  x 10  cn)  was  sprayed  with  microconidlal  or 
arthroapore  suspension  and  allowed  to  partially  dry.  Contaminated  clothes  were 
Individually  soaked  in  glutaraldehyde  solutions  (1.0  - 0.001%)  at  specified 
temperatures  for  30  minutes.  The  fabrics  were  removed  from  the  glutaraldehyde 
solution  and  washed  once  In  distilled  water.  After  combining  the  wash  solutions 
for  each  fabric  sample,  they  were  filtered  through  a Mllllpore  filter  (0.45  pm). 

The  spores  collected  on  the  filters  were  allowed  to  geminate  in  Sabouraud  dextrose 
broth  and  the  viability  of  the  spores  was  determined  after  6 hours.  The  results 
of  the  experiments  are  summarized  in  Tables  3-7.  It  Is  quite  evident  that 
glutaraldehyde  at  relatively  low  concentrations  killed  all  foms  of  T.  mentagro- 
phytes very  effectively  under  the  simulated  washing  or  laundry  conditions. 


Table  3.  Survival  of  arthrosporcs,  mlcroconldla  and  hyphae  of 

mentagrophytes  In  commercially  available  detergents 


SOAP  IN  WATER  (45  C for  15  minutes 


Recommended  cone,  of 

Arthrosporcs 

% Viable* 
Conldla 

Hyphae 

Axlon  (enz.  mix.) 

25-50 

50 

<10 

■ Bdtax 

50-75 

>95 

25 

Cheer 

50-75 

>95 

25-50 

Tide 

50-75 

>95 

<10 

Dynamo 

50-75 

>95 

<10 

Wlsk 

50-75 

>95 

<10 

Water  only 

50-75 

>95 

25-50 

Buffer  (pH  7.5) 

50-75 

>95 

25-50 

Deterained  by  microscopical  examination  as  described  earlier. 

Essentially  the  same  results  were  obtained  when  washed  at  35  C. 
When  60  C was  employed  all  foms  of  T.  mentagrophytes  were  almost 
completely  Inactivated  within  15  minutes. 

Comments: 

Dynamo  - suds  on  top  Wlsk 

Borax  - no  suds  Axlon 

Tide  - suds  throughout  Cheer 


- few  suds 

- suds  on  top 

- suds  throughout 
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Table  4.  Survival  of  arthrospores.  plcroconldla  and  hyphae 

of  T.  oentagrophytes  In  Axlon  nixed  with  glutaraldehyde^ 


Glutaraldehyde  + Axlon  (45  C for  15  min. , 15  min.  preincubation) 


Viability  (%) 

Recommended  cone,  of  soap 

plus  glutaraldehyde  Arthrospores  Conidla  Hyphae 


...0  0 

0.5  0 

0.1  0 

0.05  0 

0.01  0 

0.005  25 

0 (Axlon  only)  25- 


0 0 

0 0 

0 0 

0 0 

0 0 

25  <10 

50  50  <10 


Recoiomendecl  coac.  of  soap 
plus  glutaraldehyde 

Survival  (X) 

Arthrosporea  Conldla 

Hyphae 

1.0 

0 

0 

0 

1 

0.5 

0 

0 

0 

0.1 

0 

0 

0 

0.05 

0 

0 

0 

0.01 

25 

25 

10 

y 

0.005 

50 

50-75 

10 

0 (Tide  only) 

50-75 

>95 

10 

Glutaraldehyde  + Borax  (45  C for 

15  min.) 

Recommended  cone,  of  soap 
plus  glutaraldehyde 

Survival  (%) 

Arthrosporea  Conidia 

Hyphae 

1 

J 

1.0 

0 

0 

0 

0.5 

0 

0 

0 

0.1 

0 

0 

0 

0.05 

0 

0 

0 

0.01 

10 

25 

0 

0.005 

25 

25-50 

10 

0 (Borax  only) 

50-75 

>95 

25 
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Table  6.  Survival  of  arthrosporca.  mlcroconldla  and  hyphae_ of 

T.  mentagrophytes  in  Wlak  or  Cheer  containing  glutaraldehyde. 


Survival  (2) 


Recommended  cone,  of  soap 
plus  glutaraldehyde 

Arthroaporea 

Conldla 

Hyphae 

1.0 

0 

0 

0 

0.5 

0 

0 

0 

0.1 

0 

0 

0 

0.05 

0 

0 

0 

0.01 

0 

0 

0 

0.005 

25 

50 

10-25 

0 (Wlak  only) 

50-75 

>95 

10 

Glutaraldehyde  + Cheer  (45  C for 

15  min. 

Survival  (2) 

Recommended  cone,  of  aoap 
plua  glutaraldehyde 

Arthroaporea 

Conldla 

H5T>hae 

1.0 

0 

0 

0 

0.5 

0 

0 

0 

0.1 

0 

0 

0 

0.05 

0 

0 

0 

0.01 

0 

0 

0 

0.005 

25-50 

50 

10 

0 (Cheer  only) 

50-75 

>95 

25-50 
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Effect  of  glutaraldehyde  on  the  survival  ot  dermatophytes  parasitizing  in 
Isolated  human  nails. 

Dermatomycotlc  infections  involving  the  nail  are  most  difficult  to  treat  by 
topical  application  of  conventional  antidermatomycotlc  drugs.  To  test  the 
feasibility  of  therapeutic  use  of  glutaraldehyde  for  the  treatment  of  certain 
forms  of  tinea,  especially  tinea  ungulnum,  we  investigated  the  effect  of  glu- 
taraldehyde on  the  survival  of  T^.  mentagrophytes  parasitizing  in  Isolated  human 
nails.  Autoclaved  human  nail  clippings  collected  from  volunteers  were  infected 
with  mentagrophytes  in  vitro  by  Incubating  with  germinated  (germ  tube  length 
approximately  10  microns)  microconidla  under  conditions  of  high  humidity.  In  a 
week  to  10  days,  the  fungus  not  only  grew  on  the  surface  of  the  nail  but  also 
invaded  into  the  nail.  Such  infected  nails  were  exposed  to  various  concentrations 
of  glutaraldehyde  (pH  7.5)  at  room  temperature  (25  C)  for  10,  20  and  30  minutes. 
After  exposure,  the  nails  were  washed  thoroughly  in  sterile  distilled  water  and 
then  sliced  into  small  pieces  (approximately  1 mm*).  Each  piece  of  the  nail  was 
placed  on  Sabouraud's  dextrose  agar  and  Inciibated  at  30  C for  several  days.  The 
results  of  a typical  experiment  are  sunnarlzed  in  Table  5.  It  is  apparent  that 
3 to  5%  glutaraldehyde  completely  inactivated  £.  mentagrophytes  parasitizing  in 
the  nail  within  10  minutes. 


Table  7.  Lethal  effect  of  glutaraldehyde  on  mentagrophytes 
parasitizing  isolated  human  nail  clippings. 


Glutaraldehyde  Growth  of  T.  mentagrophytes  on 

concentration  Sabouraud’s  dextrose  agar  after 

(Z)  exposure  for: 

10  min.  20  min.  30  min. 


0 

0.01 

0.1 


1.0 


3.0 


5.0 


+ 

+ 

+ 

+ 


+ 

+ 

+ 


+ 

+ 

+ 


+ Visible  growth  occurred  in  1 week 

- No  visible  growth  occurred  in  1 
week 


13 


IV.  Stability  and  preservation  of  the  efficacy  of  glutaraldehvde  as  an 
antldermatophytlc  agent. 

Although  glutaraldehyde  was  previously  shorn  to  be  a potential  and  effective 
antldermatophytlc  agent,  it  was  noted  that  It  tended  to  undergo  polymerization 
during  storage.  In  order  to  find  conditions  under  which  the  loss  of  antldenaato- 
phytlc  activity  of  glutaraldehyde  could  be  kept  to  a minimum,  glutaraldehyde  (10% 
aqueous  solution)  sealed  either  In  ampoules  or  plastic  bags  were  stored  under 
various  conditions.  During  storage,  the  samples  were  removed  periodically  and 
the  loss  of  antldermatophytlc  activity  and  the  evolution  of  the  polymeric  form  of 
glutaraldehyde  was  quantitatively  determined.  As  reported  earlier,  the  concen- 
trations of  monomeric  and  polymeric  forms  of  glutaraldehyde  could  be  determined 
spectrophotometrlcally  at  280  and  235  nm,  respectively.  ' 

1 

I 

FIGORE  5 

EFFECT  OF  STORAGE  CONDITION  ON 
THE  SPOROCIDAL  ACTIVITY  OF 
GLUTARALDEHYDE 


I 2 34  S6  78  9 10  M 12 

MONTHS 
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Our  investigation  revealed  also  that  glutaraldehyde  tended  to  lose  its  efficacy 
trhen  stored  under  aerobic  condition  even  at  0 to  4*C.  This  loss  of  antidermato-* 
phytic  activity  was  found  to  be  due  to  formation  of  dlaer  or  polymer  of  glutaral- 
dehyde during  storage  and  the  degree  of  the  loss  of  arthrosporocldal  activity 
appeared  to  coincide  with  the  appearance  of  an  absorption  peak  at  230-235  nn  in 
UV  absorption  spectrum  (see  Fig.  6).  Glutaraldehyde  stored  under  anaerobic 
conditions  or  at  below  0*C  usually  did  not  produce  dimer  or  polymers.  The 
solution  to  this  question  (loss  of  antifungal  activity)  was  found  In  our  in- 
vestigation. The  ineffective  component  showing  an  absorption  peak  at  235  could 
be  totally  and  quickly  removed  by  treatment  of  such  glutaraldehyde  with 
activated  carbon.  We  also  found  that  polymerized  glutaraldehyde  adsorbed  to 
activated  carbon  could  be  eluted  out  by  acids  (pH  A.O)  and  Its  antldermatophytlc 
activity  was  partially  restored  upon  raising  pH  to  7. 5-8.0. 


FIGURE  6 


ABSORBANCE 


I 
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V.  Analyses  of  factors  affecting  gernlnatlon  of  dermatophytic  arthrospores. 

Since  arthrospores  of  dematophytes  are  strongly  suspected  to  play  vital  roles 
In  recurrence  of  chronic  deraatooycoses  and  arthrospores  shed  In  skin  debris  from 
such  patients  are  a potential  source  of  Infections  In  coociunal  life,  we  strongly 
felt  that  the  elucidation  of  conditions  under  which  these  arthrospores  Initiate 
their  transformation  Into  Infective  hyphae  would  deserve  critical  Investigations. 
Although  It  Is  generally  assumed  that  recurrence  of  chronic  dermatomycoses  may  be 
related  to  the  Immunological  deficiency  in  such  patients,  our  clinical  experience 
of  the  frequency  of  cases  that  are  often  recalcitrant  to  therapy  can  not  be  ex- 
plained simply  on  the  basis  of  immunological  deficiency.  It  is  our  strong  sus- 
picion chat  arthrospores  formed  In  Infected  lesions  are  one  of  the  major  factors 
contributing  to  such  problems.  In  fact,  we  recently  found  that  Trichophyton 
nentaarophytes  ATCC  18748  which  was  used  by  Jones  et.  al.  In  human  experiments 
could  not  form  abundant  arthrospores.  Infections  due  to  this  strain,  as  shown  by 
Jones  et.al.  (Arch.  Dermatolo.  109:  840-848,  1974)  were  cured  In  most  cases 
spontaneously  without  any  recurrence  In  human  volunteers.  To  understand  Che  role 
of  arthrospores  in  dermatomycoses,  especially  Its  Inherent  nature  of  recurrence 
and  resistance  to  therapeutic  agents  such  as  grlseofulvln,  we  Investigated  the 
physiological  nature  of  dermatophytic  arthrospores,  especially  their  requirements 
for  germination  which  undoubtedly  the  first  step  to  recurrence  of  Infections. 

The  results  of  our  study  are  sucraarlzed  below.  The  data  In  general  appear  to 
sufficiently  explain  why  dermatophytic  arthrospores  can  so  easily  establish  a 
bridgehead  In  the  skin,  and  also  help  explain  why  recurrence  or  excerbatlon  of 
chronic  dermatomycoses  takes  place  during  warm  and  humid  seasons.  The  data  are 
also  useful.  In  our  opinion,  to  select  derivatives  of  certain  germination  Inducers 
for  possible  use  In  the  treatment  of  dermatomycoses.  The  analyses  of  the  data  also 
raise  a serious  doubt  as  to  the  validity  of  conventional  methods  of  treatments; 
continuous  administration  of  oral  or  topical  antidermatophytlc  agents  without 
paying  enough  attention  to  the  susceptibility  of  arthrospores  to  these  drugs.  It 
Is  also  noteworthy  that  most  of  antldermatomycotic  agents  have  been  tested,  prior 
to  FDA  approval,  only  for  their  effects  on  hyphal  or  vegetative  forms  but  not  on 
arthrospores  which  are  often  present  In  the  Infected  loci. 


i 

'1 
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TECHNICAL; 

Germination  systeo.  The  germination  system  used  In  the  present  Investigation 
was  essentially  the  same  as  described  earlier  for  germination  of  nlcroconldla. 

Test  tubes,  22  by  75  mm,  containing  0.5  ml  of  mentagrophytes  arthrospore 
Suspension  were  incubated  In  the  presence  of  an  appropriate  concentration  of  a 
prospective  germination  agent  on  a rotary  shaker  (model  GIO,  New  Brunswick  Scien- 
tific Co.,  New  Brunswick,  N.J.)  at  200  rpo  under  specified  conditions.  Unless 
otherwise  stated,  the  germination  system  contained  0,8  x 10®  spores  per  tube. 

Samples  were  removed  by  appropriate  Intervals,  and  percentages  of  arthrosporcs 
developing  visible  germ  tubes  were  estimated  microscopically  by  counting  a total  of 
100  arthrospores . When  multiple  samples  were  removed  at  one  time,  glutaraldehyde 
(25%,  MCB  Manufacturing  Chemists)  was  added  to  each  tube  to  a final  concentration 
of  5%,  and  percentages  of  germination  were  determined  later  as  described  above. 

Effects  of  temperature  and  pH  on  germination.  The  effect  of  temperature  on 
arthrospore  germination  was  tested  by  Incubating  test  tubes  containing  the  mixture 
ol  arthrospores  and  germination  Inducers  In  a water  bath  shaker  (New  Brunswick  model 
P.76)  or  In  a refrigerated  water  bath  (Haake  model  FK2)  preadjusted  to  a desired 
temperature.  The  effect  of  pH  on  germination  was  studied  by  Inoculating  spores 
Into  germination  media  preadjusted  to  desired  pH  by  0.1  N NaOU  or  HCl. 

Effects  of  NaCl  and  antifungal  chemicals  on  germination.  Sodium  chloride 
and  other  antifungal  chemicals  were  Incorporated  in  the  germination  media  at 
desired  concentrations.  Those  chemicals  Insoluble  In  water  were  Initially 
dissolved  in  dimethyl  formamlde  and  subsequently  diluted  100  times  with  the  ger- 
mination media  to  obtain  desired  concentrations. 

Effect  of  oxygen  on  germination.  The  requirement  of  oxygen  for  the  Initiation 
of  germination  was  tested  by  Incubating  test  tubes  containing  the  mixture  of 
arthrospores  and  germination  Inducers  In  a GasPak  jar  (BBL,  Cockeysvllle,  Md.)  at 
37*C  for  2A  h. 

Determination  of  the  minimal  Inhibitory  concentration  for  the  hyphal  growth 
of  T.  mentagrophytes . To  compare  the  effect  of  antifungal  chemicals  on  germination 
and  postgerminatlve  growth,  the  minimal  inhibitory  concentration  of  each  drug  for 
the  hyphal  growth  of  T.  mentagrophytes  was  determined,  A series  of  test  tubes,  22 
by  77  mm,  containing  0.5  ml  of  Sabouraud  dextrose  broth  and  various  concentrations 
of  drugs  as  obtained  by  the  twofold  dilution  method,  were  Inoculated  with  approxi- 
mately 10®  germinated  mlcroconldla  and  Incubated,  without  agitation,  at  jO^C  for 
1 week.  Germinated  mlcroconldla  were  obtained  as  described  earlier.  The  minimal 
concentration  of  a drug  contained  In  the  tube  showing  neither  surface  nor  submerged 
growth  was  macroscoplcally  determined  and  was  taken  as  the  minimal  Inhibitory  con- 
centration for  the  hyphal  growth. 

Phase-contrast  photomicroscopy.  The  microscopic  appearance  of  the  wet-mouthed 
spores  was  examined  with  a phase-contrast  microscope  by  using  an  oil  Immersion 
objective  (dark  medium,  x 100;  numerical  aperture,  1.25;  Nikon).  Photomicroscopy 
was  made  on  panchromatic  film  (Kodak  Plus-X)  with  a Nikon  camera  equipped  with  an 
automatic  exposure  system  attached  to  a phase-contrast  microscope. 
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Chemicals . All  of  the  amino  acids  and  peptides  ased  were  chronatographlcally 
pure  and  were  purchased  from  Sigma  Chemical  Co.,  St.  Louis,  Ho.  Unless  specifically 
mentioned  otherwise,  all  amino  acids  and  dlpeptides  refer  to  the  L-lsooers.  Car- 
bohydrates and  other  blochemlcals  were  from  Nutritional  Biochemical  Co.,  Cleveland, 
Ohio.  Sabouraud  dextrose  broth,  neopeptone,  and  vitamin-free  Casamlno  Acids  were 
purchased  from  Dlfco.  All  other  chemicals  were  of  reagent  grade.  Amphotericin  B 
and  nystatin  were  kindly  supplied  by  E.  R.  Squibb  and  Sons,  Princeton,  N.J., 
clotrimazole  by  Delbay  Pharmaceuticals,  Inc.,  Bloomfield,  N.J.  and  tolnaftate  by 
Scherlng  Laboratories,  Kenilworth,  J.J.  Griseofulvin  was  purchased  from  Sigma 
Chemical  Co. 


RESULTS 


Germination  of  dormant  arthrosporea.  Both  freshly  harvested  arthrospores  and 
frozen  stocks  of  arthrospores  of  T.  nentagrophytes  (referred  to  as  dormant  arthro- 
spores in  the  subsequent  discussion)  germinated  fairly  rapidly,  i.e. , in  less  than 
7 h,  when  incubated  in  rich  media  such  as  Sabouraud  dextrose  broth  or  in  1% 
vitamin  free  casamlno  acids  (Fig.  7A).  However,  dormant  arthrospores  germinated 
very  poorly  or  not  at  all  (<lO%).ln  sodium  or  potassium  buffer  (0.05  M,  pH  6.5) 
containing  single  amino  acids  or  peptides  (Table  8 and  Fig.  7A).  Essentially  no 
germination  (<10%)  of  dormant  arthrospores  took  place  during  incubation  at  37*0 
for  15  h in  distilled  water,  tap  water,  physiological  saline  solution  (0.85%  NaCl), 
sodium  or  potassium  phosphate  buffer  (0.05  M,  pH  6.5)  or  in  a basic  salt  solution 
of  Merz  et  al.  containing  2 mM  MgSO^,  0.7  pM  FeCl^  and  0.6  pM  MnSO^. 

Germination  of  activated  arthrospores.  When  dormant  arthrospores  were  stored 
in  distilled  water  at  25®C  for  24  h,  (these  arthrospores  will  be  referred  to  as 
activated  arthrospores  in  subsequent  discussion)  they  became  conditioned  to 
germinate  either  spontaneously  in  distilled  water,  phosphate  buffer  and  basic 
salt  solution,  or  more  effectively  in  the  presence  of  certain  single  amino  acids 
and  peptides  (Fig.  7B  and  Table  8).  Treatment  with  sublethal  doses  of  heat  also 
appeared  to  facilitate  the  activation  of  dormant  arthrospores  (Table  9).  Acti- 
vated arthrospores  germinating  spontaneously  in  distilled  water,  buffer  or  saline 
solution  or  in  the  presence  of  single  amino  acids,  peptides  or  sugars  could 
develop  only  short  germ  tubes  (up  to  several  micra).  Further  elongation  of  germ.- 
tubes  generally  required  the  supplementation  of  additional  nitrogen  and  carbon 
sources. 

Effect  of  chemicals  on  arthrospore  germination.  The  following  individual 
carbohydrates,  organic  acids,  purines,  pyrimidines  and  nucleosides  failed  to  in- 
duce germination  of  either  dormant  or  activated  T.  mentagrophytes  arthrospores.  - 

Carbohydrates  and  organic  acids.  Carbohydrates  and  organic  acids  (0.5%  in 
sodium  phosphate  buffer,  0.05  N,  pH  6.5)  were  as  follows:  D-glucose,  D-miannose, 
L-mannose,  D-fructose,  D-galactose,  D-ribose,  L-arablnose,  D-xylose,  L-xylose, 
D-rhamnose,  D-turanose,  D-cellobiose,  D-melezltose,  D-trehalose,  D-mellbiose, 
sucrose,  L-sucrose,  D-sorbitol,  L-arabltol,  Iso-erythrltol,  dulcltol  (galactltol), 
glycerol,  adonltol  (ribitol),  arable  acid,  inulin,  salicln,  pyruvate  (na), 
succinate  (Na),  a-ketoglutarate  (Na),  N-acetyl-D-glucosamine,  N-acetyl-D-galacto- 
samlne,  N-acetyl-D-mannosamine,  and  D-galactos-amlne  hydrochloride. 


18 


Purines,  p]rrlnldlne8,  and  nucleosides.  Purines,  pyrimidines,  and  nucleo- 
sides (20  qH  in  0.1  M sodium  phosphate  buffer,  pH  6.0)  were  as  follows:  adenine, 
cytidlne  sulfate,  guanine,  uracil,  xanthine,  hypoxanthine , adenosine,  cytosine, 
guanoslne,  uridine,  5-methylcytoslne-hydrochloride,  and  Inoslne. 

The  effect  of  concentration  of  vitamin  free  casanlno  acids  on  germination  of 
activated  arthrospores  of  T.  mentagrophytes  is  shown  In  Table  10.  It  Is  evident 
that  jr.  mentagrophytes  arthrospores  were  able  to  germinate  at  concentrations  as 
low  as  0.001%.  They  were  able  to  Initiate  germination  in  the  presence  of  single 
amino  acids  such  as  L-alanlne,  glycine,  L-leuclne,  L-serlne,  and  L-threonine  at 
concentrations  as  low  as  0.02  mM.  D-lsomers  of  certain  amino  acids  could  also 
Initiate  germination  but,  in  general,  less  effectivity  than  L-isomers  (Table  11). 
D~lsomers  of  the  other  amino  acids  listed  In  Table  1 were  either  Inhibitory  to 
germination  or  caused  germination  no  more  than  the  controls  (15%). 

Effect  of  temperature  and  pH  on  arthrospore  germination. Germination  of  T. 
mentagrophytes  arthrospores  could  take  place  In  Sabouraud  dextrose  broth  under 
wide  ranges  of  temperature  (Fig.  8)  and  pH  "'Fig.  9).  However,  the  optimal  tempera- 
ture for  germination  un  vltamln-free  casamlno  acids  or  In  L-leuclne  was  found  to 
be  37”C.  Similarly,  the  optimal  pH  for  germination  in  vitamin-free  casamlno  acid 
or  In  L-leuclne  was  6.5. 

Effect  of  spore  concentration  on  arthrospore  gemination.  Apparently,  the 
concentration  of  arthrospores  critically  affected  the  rate  of  germination  Induced 
by  amino  acids.  Essentially  no  germination  took  place,  even  under  optimal  con- 
ditions, when  the  concentration  of  arthrospores  reached  10^  cells  per  ml  (Table  12). 
When  properly  diluted,  all  these  arthrospores  underwent  germination  normally. 

Requirement  of  oxygen  for  arthrospore  germination.  Oxygen  appeared  to  be 
essential  for  the  initiation  of  germination  of  arthrospores.  No  germination 
occurred  when  activated  arthrospores  were  Incubated  in  Sabouraud  dextrose  broth 
or  in  1%  vltamln-free  casamlno  acids  under  strict  anaerobic  conditions. 

Effect  of  NaCl  and  certain  antldermatophytic  compounds  on  arthrospore  germina- 
tion. As  shown  in  Table  13,  germination  of  mentagrophytes  arthrospores  in 
vitamin  free  casamlno  acids  was  only  slightly  Inhibited  by  high  concentrations  of 
NaCl  (5%).  The  effects  of  various  antifungal  chemicals  on  germination  of  T. 
mentagrophytes  arthrospores  were  shown  in  Table  14.  Apparently  the  germination 
process  of  T.  mentagrophytes  arthrospores  was  less  susceptible  to  certain  anti- 
fungal agents  as  compared  with  the  growth  of  the  hyphal  form. 
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cubmion  at  37‘C  for  15  h in  the  presence  of  fi- 
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